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Acyclovir treatment of acute herpes zoster speeds rash healing and decreases pain and ocular complications.
The limited oral bioavailability of acyclovir necessitates frequent dosing. Valaciclovir, the /-valyl ester of
acyclovir, is rapidly and almost completely converted to acyclovir in vivo and gives three- to fivefold increases
in acyclovir bioavailability. In a randomized, double-blind, multicenter study, the safety and efficacy of oral
valaciclovir given at a dosage of 1,000 mg three times daily for 7 or 14 days and oral acyclovir given at a dosage
of 800 mg five times daily for 7 days were compared in immunocompetent adults aged =50 years with herpes
zoster. Patients were evaluated for 6 months. The intent-to-treat analysis (1,141 patients) showed that valaci-
clovir for 7 or 14 days significantly accelerated the resolution of herpes zoster-associated pain (P = 0.001 and
P = 0.03, respectively) compared with acyclovir; median pain durations were 38 and 44 days, respectively,
versus 51 days for acyclovir. Treatment with valaciclovir also significantly reduced the duration of postherpetic
neuralgia and decreased the proportion of patients with pain persisting for 6 months (19.3 versus 25.7%).
However, there were no differences between treatments in pain intensity or quality-of-life measures. Cutaneous
manifestations resolved at similar rates in all groups. Adverse events were similar in nature and prevalence
among groups, and no clinically important changes occurred in hematology or clinical chemistry parameters.
Thus, in the management of immunocompetent patients =50 years of age with localized herpes zoster,
valaciclovir given at 1,000 mg three times daily for 7 days accelerates the resolution of pain and offers simpler

dosing, while it maintains the favorable safety profile of acyclovir.

Herpes zoster remains an important medical problem
throughout the world. The characteristic rash and associated
pain occur when varicella-zoster virus, which becomes dormant
in sensory ganglia following primary varicella-zoster virus in-
fection, is reactivated, often in association with declining cel-
lular immunity associated with advancing age (4). Thus, in
otherwise healthy adults, the risk of herpes zoster increases
with age (12). Pain persisting after rash healing occurs in more
than 50% of untreated patients and is the major complication
in older adults (3, 13). The pain is often accompanied by
abnormal sensations such as allodynia, tingling, or numbness
and decreases gradually over several months in most patients
(2), although some patients have pain persisting beyond 6
months (8, 13, 20).

Acyclovir (Zovirax) administered orally (800 mg five times
daily) is widely used for treatment of acute herpes zoster. It
speeds rash healing and decreases the severity of acute pain
(14, 18, 25, 28). In some studies, acyclovir also appears to
reduce the prevalence, severity, and duration of chronic pain
(7, 11, 14, 18). Furthermore, oral acyclovir reduces the preva-
lence and severity of certain intraocular complications associ-
ated with herpes zoster ophthalmicus (5, 11). The limited ef-
ficacies of lower oral doses of acyclovir (400 or 600 mg five

* Corresponding author. Mailing address: Department of Derma-
tology, University of California at San Francisco, 127 Hospital Drive,
Suite 204, Vallejo, CA 94589. Phone: (707) 643-5785. Fax: (707) 643-
5876.

1 Investigators representing the International Valaciclovir Zoster
Study Group. Other study group investigators who enrolled patients in
this study are listed in the appendix.

1546

times daily) relative to that of the standard dose suggests that
efficacy is related to higher acyclovir concentrations in plasma
or tissue (5, 14). Thus, achievement of higher concentrations
than are attained with the standard oral acyclovir regimen
could result in improved benefit, particularly for pain outcome
(26). In addition, simpler dosing could improve compliance
and minimize the potential for suboptimal treatment of herpes
zoster.

Valaciclovir (Valtrex), the [-valyl ester of acyclovir, is rapidly
converted to acyclovir after oral administration and results in
acyclovir bioavailability three to five times greater than that of
oral acyclovir in humans (23, 24). Pharmacokinetic modeling
predicted that plasma acyclovir concentrations after oral ad-
ministration of valaciclovir at 1,000 mg three times daily would
remain in excess of the in vitro inhibitory concentration for
most clinical isolates of varicella-zoster virus (0.12 to 4.0 pg/ml
or 0.5 to 17.6 puM) throughout the dosage interval (6, 24).
Biotransformation of valaciclovir to acyclovir is virtually com-
plete after oral administration, with each gram of valaciclovir
yielding approximately 700 mg of acyclovir and 300 mg of the
essential amino acid valine. On the basis of this and preclinical
studies, it was anticipated that the established safety profile of
acyclovir (21) would be retained with valaciclovir.

The randomized, double-blind, multicenter study described
here compared the safety and efficacy of oral valaciclovir and
standard oral acyclovir for the treatment of herpes zoster in
immunocompetent adults. Both 7- and 14-day valaciclovir reg-
imens were evaluated because, at the time that the study com-
menced, the optimal duration of antiviral treatment for maxi-
mum benefit against pain associated with herpes zoster had not
been established.
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MATERIALS AND METHODS

Patients. Patients 50 years of age or older with clinically diagnosed, localized
herpes zoster presenting within 72 h after the onset of rash were enrolled in the
multicenter, randomized, three-arm, double-blind, double-dummy study de-
scribed here. The clinical diagnosis of herpes zoster was based on the presence
of the unilateral dermatomal rash. The study was predominantly outpatient
based, although hospitalized patients were eligible. Patients with herpes zoster
ophthalmicus (cutaneous lesions involving the ophthalmic branch of the trigem-
inal nerve, with or without ocular involvement) were included, and therefore, a
placebo regimen could not be considered. Pregnant, nursing, and sexually active
women of childbearing potential were excluded, as were patients treated with
other antiviral medications, immunomodulating agents, or capsaicin within the
previous 4 weeks or those receiving probenecid or tricyclic antidepressant med-
ications at the time of entry. Also excluded were patients with congenital, ac-
quired, or steroid-induced immunodeficiency, including malignancy; impaired
renal function (estimated creatinine clearance of =35 ml/min or serum creati-
nine of =120 pmol/liter) or impaired hepatic function (either alanine amino-
transferase or aspartate aminotransferase level more than threefold the upper
limit of normal at the time of entry); or gastrointestinal dysfunction that might
interfere with drug absorption. Written informed consent was obtained from
each patient.

Drug administration. Patients were randomized (1:1:1) according to a com-
puter-generated code to receive treatment with valaciclovir at 1,000 mg three
times daily for 7 days, valaciclovir at 1,000 mg three times daily for 14 days, or
acyclovir at 800 mg five times daily for 7 days. All patients received study
medication for 14 days. Patients randomized to 7 days of treatment with valaci-
clovir or acyclovir received placebo during days 8 to 14.

Efficacy assessments. The primary efficacy endpoints were time to the com-
plete cessation of pain, time to cessation of new lesion formation and/or increase
in lesion area, and time to =50% crusting or healed rash (the time by which 50%
or more of the rash had crusted over or healed completely). Secondary endpoints
included time to the cessation of abnormal sensations, pain intensity, unpleas-
antness, analgesic use, quality of life, and the impact of pain on daily activities.

Cutaneous assessments were performed by the investigator on days 1 to 7, 10,
14, and 21 and included the determination of new lesion formation and/or an
increase in lesion area; the proportion of the rash present as macules or papules,
vesicles, crusts, or healed rash; and evidence of dissemination. The occurrence of
any complications of herpes zoster was also noted.

To evaluate pain, patients kept a diary to record daily (days 1 to 30) and then
weekly (to week 24) assessments of the severity of pain or burning and abnormal
sensations such as allodynia, paresthesia, dysesthesia, or hyperesthesia. Patients
were defined as achieving complete cessation of pain if they were pain-free for at
least 28 days and had no subsequent recurrence of pain during the 24-week
observation period. Pain severity and unpleasantness were scored in native En-
glish-speaking subjects by using the Gracely scales (9, 10). The impact of pain on
daily activities was determined in all patients by using a six-point scale (0 = no
pain or discomfort, 1 = pain can easily be ignored, 2 = pain does not interfere
with daily activities, 3 = pain interferes with concentration or sleep, 4 = pain
interferes with all but basic needs, 5 = pain requires rest or bed rest). Use of
medications to control pain, including analgesics and antidepressants, was re-
corded at each assessment. Unit dose equivalents of opioids plus aspirin plus
acetaminophen were calculated (18). Quality of life was further assessed by using
part 1 of the Nottingham Health Profile (16), which patients completed on days
1, 14, and 30 and then monthly to week 24.

Safety assessment. All adverse experiences reported during the treatment
phase were categorized by COSTART term, intensity, seriousness, and causality.
All adverse experiences considered serious were also recorded throughout the
follow-up. On days 1, 7, and 14, blood was obtained for blood chemistry and
hematology and urine was obtained for protein determination. An additional
serum creatinine level determination was performed on day 3.

Plasma acyclovir level monitoring and pharmacokinetic analysis. Blood sam-
ples for the determination of plasma acyclovir concentrations at steady state
were obtained on days 3, 7, and 14. The time at which each sample was collected
in relation to the time of administration of the previous dose of valaciclovir
or acyclovir was recorded. Acyclovir concentrations were measured by radio-
immunoassay (19), and mean values for subjects in each group were plotted
as a function of time. Plasma acyclovir levels for the valaciclovir (pooled)
and acyclovir groups were analyzed by using nonlinear mixed-effect modeling
(NONMEM version 4 [1]) to estimate acyclovir concentration-time profiles.

Statistical analysis. All analyses were conducted by using Statistical Analysis
Systems software (SAS Institute, Inc., Cary, N.C.). The principal analysis was the
intent to treat for all efficacy endpoints and for safety.

The distribution of each time-to-event efficacy endpoint was estimated by the
Kaplan-Meier product limit survival method. Differences between treatments
were determined by using Cox’s proportional hazards models. The proportions
of patients with pain at 6 months were compared by using Kaplan-Meier esti-
mates of the proportions and corresponding standard errors. For most secondary
endpoints, point estimates and their associated 95% confidence intervals (CIs)
were derived. Because there is no universally accepted definition of postherpetic
neuralgia, the duration of postherpetic neuralgia was evaluated by using two
definitions: pain that persisted after rash healing and pain that persisted for more
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than 30 days from the time of enrollment. For analyses of postherpetic neuralgia,
patients who did not develop postherpetic neuralgia were assigned a duration of
postherpetic neuralgia equal to 0 days. This retains some principles of an intent-
to-treat analysis and avoids the introduction of bias inherent in a subset analysis.
Analysis of cessation of pain after rash healing depends on both the time of pain
cessation and the time of rash healing, and treatment may affect both of these
parameters, thus confounding the analysis.

Covariates that were fitted to Cox’s proportional hazards models to determine
differences between treatments for each primary efficacy endpoint included the
time from rash onset to treatment initiation (=48 versus 48 to 72 h) and patient
age (50 to 60 versus >60 years). For the time to complete cessation of pain and
postherpetic neuralgia, prodromal pain (absence versus presence), pain severity
at presentation, and gender were also included in the intent-to-treat analysis.
Pain severity at presentation was derived from scores for the impact of pain on
daily activities on day 1 (1 = very mild pain, 2 = mild pain, 3 = moderate pain,
4 or 5 = severe pain).

A sample size of 350 patients per treatment group is sufficient to detect
differences between treatments in the time to cessation of new lesion formation
or no increase in lesion area. It provides 80% power at the 5% significance level
to detect the difference between 0.3 and 0.4 in the proportion of patients still
forming new lesions after day 2. This difference is equivalent to detecting a
hazard ratio of =0.76 or =1.31. This sample size is also sufficient to detect similar
treatment differences in time to =50% crusting or healed rash and the time to
complete cessation of pain.

RESULTS

Patients. A total of 1,141 patients were enrolled at 107 study
centers in 13 countries. Overall, 384 patients were randomized
to treatment with valaciclovir for 7 days, 381 were randomized
to treatment with valaciclovir for 14 days, and 376 were ran-
domized to treatment with acyclovir for 7 days. All 1,141 en-
rolled patients were included in the intent-to-treat analysis. Of
these, 946 (82.9%) completed the 24-week study according to
the study protocol. Of the 195 patients who did not complete
the study as planned, the most common reasons were protocol
violation (71 patients), adverse experiences (38 patients), with-
drawal of consent (30 patients), and loss to follow-up (24
patients); the reasons were similarly distributed across the
three treatment groups. All 1,138 patients for whom data on
pain were available were included in the intent-to-treat anal-
ysis of pain endpoints.

Demographic and baseline characteristics were similar in all
three treatment groups (Table 1). Overall, there were 648
females (56.8%) and 493 males (43.2%), mostly white (94.7%)
and ranging in age from 49 to 99 years (mean, 68 years).
Approximately 60% of patients presented within 48 h of the
appearance of the herpes zoster rash; the proportion was com-
parable in all treatment groups. The proportions of patients
reporting prodromal pain (>80%) and the severity of pain at
presentation were also similar in the three groups.

Thirty-one patients with no prior history of renal impair-
ment commenced treatment but were subsequently found to
have had low estimated creatinine clearance and elevated se-
rum creatinine values at presentation. In 22 patients, treatment
with the study medication was stopped prematurely when ev-
idence of renal impairment at presentation became known.
The remaining nine patients (creatinine clearance, 20 to 35
ml/min; serum creatinine level, 124 to 194 wmol/liter) com-
pleted the treatment course. All 31 patients were included in
all safety and efficacy analyses.

Herpes zoster-associated pain. The intent-to-treat analysis
of all herpes zoster-associated pain, which includes acute pain
and postherpetic neuralgia, revealed that valaciclovir treat-
ment for 7 or 14 days significantly accelerated the resolution of
pain (P = 0.001 and P = 0.03, respectively) compared with
acyclovir treatment. The median time to the cessation of pain
was shorter in the 7- and 14-day valaciclovir groups at 38 and
44 days, respectively, than in the acyclovir group (51 days) (Fig.
1). No further advantage was conferred by treatment with
valaciclovir for 14 days compared with treatment for 7 days.
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TABLE 1. Patient demographic characteristics by treatment group

Valaciclovir, 7 day Valaciclovir, 14 day Acyclovir (n

Characteristic (n = 384) (n = 381) = 376)

Sex (no. of males/no. of females) 155/229 194/187 144/232
Age (yr), mean (range) 69 (49-93)¢ 68 (50-99) 68 (50-98)
Race (no. [%])

White 362 (94.3) 364 (95.5) 354 (94.1)

Black 13 (3.4) 10 (2.6) 12 (3.2)

Other 9(23) 7(1.8) 10 (2.7)
Herpes zoster ophthalmicus (no. [%])

Present 35(09.1) 46 (12.1) 38 (10.1)

Absent 349 (90.9) 335 (87.9) 338 (89.9)
Prodrome (no. [%])

Present 314 (81.8) 313 (82.2) 310 (82.4)

Absent 70 (18.2) 67 (17.6) 66 (17.6)

Missing 0 1(0.3) 0
Pain at presentation (no. [%])

Very mild 81 (21.1) 88 (23.1) 84 (22.3)

Mild 79 (20.6) 84 (22.0) 86 (22.9)

Moderate 173 (45.1) 167 (43.8) 154 (41.0)

Severe 49 (12.8) 39 (10.2) 49 (13.0)

Missing 2(0.5) 3(0.8) 3(0.8)

“ One patient age 49 years was inadvertently enrolled in the study.

The hazard ratios (CIs) for the resolution of pain for each
treatment group comparison are listed in Table 2 and demon-

valaciclovir for 14 days (18.6%; P = 0.03). Overall, the esti-
mated proportion of patients with pain at the end of the study

strate that with valaciclovir, pain cessation is on average up to
34% faster than that with acyclovir. Kaplan-Meier estimates
indicated that a higher proportion of patients in the acyclovir
group (25.7%) still experienced pain at the end of the study
(week 24) compared with the proportion in the group receiving
valaciclovir for 7 days (19.9%; P = 0.08) or the group receiving

in patients treated with valaciclovir (19.3%) was significantly
lower than that of patients treated with acyclovir (P = 0.02).

Factors influencing pain. Cox’s proportional hazards models
showed that age, the presence of prodromal pain, and the
presence of more severe pain at presentation were all impor-
tant factors that predisposed the patient to a longer pain du-
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FIG. 1. Kaplan-Meier curves of the time to cessation of pain (intent-to-treat analysis) in patients with herpes zoster treated with oral valaciclovir or oral acyclovir.
VACV-7, valaciclovir at 1,000 mg three times daily for 7 days; VACV-14, valaciclovir at 1,000 mg three times daily for 14 days; ACV-7, acyclovir at 800 mg five times

daily for 7 days.
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TABLE 2. Hazard ratios (Cls) for key efficacy parameters

Hazard ratio (CI)

Parameter

vs acyclovir

Valaciclovir for 7 days

Valaciclovir for 14 days
vs acyclovir

Valaciclovir for 7 days vs
valaciclovir for 14 days

Duration of pain®
Intent to treat

Ophthalmic herpes zoster subset

Duration of abnormal sensations

Intent to treat

Ophthalmic herpes zoster subset

Time to cessation of new lesion formation

Intent to treat

Ophthalmic herpes zoster subset

Time to development of =50% crusting

or healing rash
Intent to treat

Ophthalmic herpes zoster subset

1.34 (1.12-1.60)
1.27(0.72-2.22)

1.18 (0.99-1.41)
1.12 (0.60-2.07)

1.03 (0.89-1.20)
1.27 (0.78-2.05)

1.00 (0.87-1.16)
0.95 (0.59-1.53)

1.22 (1.03-1.46)
1.15 (0.66-2.00)

1.27 (1.07-1.52)
1.36 (0.75-2.47)

0.99 (0.85-1.14)
1.28 (0.80-2.03)

1.02 (0.88-1.18)
1.00 (0.63-1.58)

1.10 (0.92-1.30)
1.10 (0.63-1.93)

0.93 (0.78-1.10)
0.82 (0.45-1.48)

1.05 (0.91-1.21)
0.99 (0.63-1.55)

0.98 (0.85-1.14)
0.96 (0.60-1.52)

“ Median days to pain cessation: 7-day valaciclovir treatment, 38 days; 14-day valaciclovir treatment, 44 days; acyclovir treatment, 51 days.

ration (Table 3). Gender was not a significant covariate. Treat-
ment beginning within 48 h of rash onset did not influence pain
outcome differently from treatment starting from 48 to 72 h of
rash onset.

Postherpetic neuralgia. Pain after rash healing occurred in
85% of the patients in the acyclovir group, 79% of the patients
in the group receiving valaciclovir for 7 days, and 80% of the
patients in the group receiving valaciclovir for 14 days. Treat-
ment with valaciclovir significantly accelerated the resolution
of pain that persisted after rash healing compared with treat-
ment with acyclovir (hazard ratio = 1.32, CI = 1.11 to 1.58, and
P = 0.002 for the 7-day valaciclovir group; hazard ratio = 1.21,
CI = 1.02 to 1.44, and P = 0.03 for the 14-day valaciclovir
group). Pain persisting for more than 30 days after the time of
enrollment occurred in 57% of patients in the acyclovir group,
49% of patients in the 7-day valaciclovir group, and 51% of
patients in the 14-day valaciclovir group. The median duration
of pain after rash healing was 30 days for the 7-day valaciclovir
group, 35 days for the 14-day valaciclovir group, and 39 days

TABLE 3. Cox’s proportional hazards analysis of factors
influencing pain duration

Hazard ratio P value for Median pain

Factor hazard duration
(€D ratio (days)*
Age, 50-60 vs >60 yr 1.42 (1.20-1.67)  0.0001 31 vs 50
Prodromal pain, absence 1.30 (1.06-1.56)  0.008 26 vs 49
Vs presence
Pain severity on day 1
Very mild vs severe 3.00 (2.26-3.99) 0.0001 26 vs 103
Mild vs severe 2.23 (1.69-2.95)  0.0001 36 vs 103
Moderate vs severe 1.58 (1.21-2.06)  0.0007 55 vs 103
Rash onset in relation 0.91 (0.79-1.05) 0.207 50 vs 38
to treatment initia-
tion, =48 vs 48-72 hr
Gender, female vs male  0.94 (0.82-1.09)  0.44 51 vs 38

“ Median pain duration derived from Kaplan-Meier analysis with no adjust-
ments for other covariants.

for the acyclovir group. Treatment with valaciclovir also accel-
erated the resolution of pain that persisted for more than 30
days compared with acyclovir (hazard ratio = 1.24, CI = 1.04
to 1.48, and P = 0.01 for the 7-day valaciclovir group; hazard
ratio = 1.17, CI = 0.98 to 1.39, and P = 0.09 for the 14-day
valaciclovir group).

Abnormal sensations and pain severity. Both valaciclovir
treatments shortened the duration of abnormal sensations
compared with acyclovir (Table 2). The median times to the
cessation of abnormal sensations were 45 and 38 days for the 7-
and 14-day valaciclovir groups, respectively, and 57 days for the
acyclovir group. Mean scores (CIs) did not reveal any treat-
ment-related trends for pain intensity or unpleasantness, as
determined by use of the Gracely scales in 914 patients in
centers in countries where English is the native language.

Pain medication use. Overall, nonnarcotic analgesics were
the most commonly used type of medication prescribed to
control pain and were used by 76, 75, and 82% of patients
randomized to the 7- or 14-day valaciclovir group or the acy-
clovir group, respectively. Opioids were used by 53, 49, and
53% of patients in these respective treatment groups. Antide-
pressants were used by 8 to 10% of patients in each treatment
group. Use of medications for pain declined progressively over
time in each treatment group. The mean = standard deviation
total analgesic unit dose equivalents were 107.8 * 191 units for
the 7-day valaciclovir group, 88.3 = 187 units for the 14-day
valaciclovir group, and 114.7 = 218 units for the acyclovir
group.

Cutaneous endpoints. Intent-to-treat analysis for cutaneous
endpoints showed similar results among the treatment groups
(Table 2), with the median times to cessation of new lesion
formation (3 days) and to =50% crusting or healed rash (5
days) being identical in all three groups. Hazard ratios were
close to unity for these primary cutaneous efficacy parameters.

Quality of life. Herpes zoster markedly impaired quality of
life, as indicated by the pain, sleep, and energy dimensions of
the Nottingham Health Profile. Mean scores across all treat-
ment groups at presentation were 36, 40, and 38, respectively,
compared with values of 11, 24, and 22, respectively, for age-
matched healthy subjects (16). Mean scores for pain, sleep, and
energy improved steadily with time, so that normal values were
achieved by week 8 (pain, 11; sleep, 20; energy, 21). Mean
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TABLE 4. Adverse events, without regard to causality, reported
by at least 3% of patients in one or more treatment groups

No. of occurrences (% patients)

Event Valaciclovir Valaciclovir

for 7 days for 14 days Acyclovir

(n = 385 n = 381) (n = 376)
Nausea 74 (16) 79 (17) 81 (19)
Headache 50 (11) 70 (14) 54 (13)
Vomiting 42 (9) 19 (4) 30 (8)
Diarrhea 28 (7) 17 (4) 32(7)
Constipation 21(5) 21 (6) 21(5)
Asthenia 15 (4) 23 (5) 22(5)
Dizziness 17 (4) 15(4) 25 (6)
Anorexia 11 (3) 12 (3) 10 (3)
Abdominal pain 14 (3) 16 (4) 13 (3)
Dyspepsia 15(3) 7(2) 8(2)

scores (standard error) for pain for the 7- and 14-day valaci-
clovir groups and the acyclovir group were 19.2 (1.6), 15.5
(1.4), and 20.4 (1.6), respectively, at day 30, and 10.3 (1.2), 10.2
(1.3), and 12.3 (1.3), respectively, at week 8. Although each of
these pain scores was higher in the acyclovir group, only for the
14-day valaciclovir group at day 30 was the difference statisti-
cally significant.

Ophthalmic herpes zoster subset. Herpes zoster ophthalmi-
cus occurred in 119 (10%) patients, with similar proportions in
each treatment group (Table 1). Ocular involvement was
present in 34 (29%) patients with ophthalmic herpes zoster at
presentation and occurred during the observation period in an
additional 17 patients. Twenty-three patients had serious ocu-
lar involvement (keratitis, uveitis, iritis, corneal or scleral in-
volvement), and 28 patients had minor ocular involvement
(conjunctivitis, “red eye,” excessive lacrimation). In >90% of
these patients, the ocular involvement resolved within 5 weeks.
Hazard ratios for treatment differences for the three primary
efficacy variables in the ophthalmic herpes zoster subset were
consistent with those of the overall analysis (Table 2).

Complications of herpes zoster. Nonocular complications of
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herpes zoster were uncommon in the present study and oc-
curred in approximately 4% of patients overall, with no appar-
ent differences between treatment groups in either numbers or
type of complications. Cutaneous complications (secondary
bacterial infections, edema, and erosions) were present in 2
patients at presentation and developed during the study in 22
additional patients (1.9% overall). Motor neuropathies, usu-
ally manifest as limb weakness or facial paralysis, were evident
at presentation in 5 patients and developed during the study in
14 additional patients (1.2% overall). Most cutaneous compli-
cations resolved within 10 days, while the average time for
resolution of motor neuropathies was 6 weeks. No patients
developed central nervous system or visceral organ involve-
ment.

Safety. The adverse experience profiles of the two valaciclo-
vir treatments were very similar to each other and to that of
acyclovir. Most adverse experiences were of mild severity. Only
nausea and headache were reported by more than 10% of the
patients in any group (Table 4). Only one serious adverse
experience (severe headache in a 14-day valaciclovir recipient)
was considered possibly attributable to study medication.
There were no clinically significant differences between treat-
ment groups with regard to the distribution or changes from
baseline for any clinical chemistry or hematology parameter. In
particular, valaciclovir administration was not associated with
changes in renal function. Despite the wide variation in esti-
mated creatinine clearance values at presentation (<20 to
>150 wmol/liter), valaciclovir and acyclovir treatments were
without clinically significant adverse effects.

Plasma acyclovir concentrations and pharmacokinetics.
Mean plasma acyclovir concentrations were higher in valaci-
clovir recipients than in acyclovir recipients (Fig. 2). On the
basis of population pharmacokinetic analyses of samples from
1,133 patients, estimated peak acyclovir concentrations for
valaciclovir recipients (mean, 5.73 pg/ml [25.2 pM]; range,
276 to 16.1 pg/ml [12.3 to 71.5 wM]) were almost three
times greater than those for acyclovir-treated patients (mean,
2.23 pg/ml [9.90 wM]; range, 1.0 to 12.6 pg/ml [range, 4.44 to
55.9 uM]). Estimated mean daily area under the plasma con-
centration-time curve after valaciclovir administration (88.6
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FIG. 2. Plasma acyclovir concentrations during one dosing interval in patients with herpes zoster treated with oral valaciclovir or oral acyclovir. VACV-7, valaciclovir
at 1,000 mg three times daily for 7 days; VACV-14, valaciclovir at 1,000 mg three times daily for 14 days; ACV-7, acyclovir at 800 mg five times daily for 7 days.
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h - pg-h/ml; 393 wM - h) was more than twice that following
oral acyclovir administration (40.1 wg - h/ml; 178 uM - h). The
estimated bioavailability of acyclovir after oral valaciclovir ad-
ministration was approximately four times greater than after
oral acyclovir administration. The mean plasma elimination
half-lives of acyclovir in valaciclovir and acyclovir recipients
was 3.4 and 3.5 h, respectively.

DISCUSSION

The study described here was the largest controlled investi-
gation to date of any antiviral agent for the treatment of herpes
zoster. It demonstrates that greater systemic acyclovir expo-
sure delivered by valaciclovir results in accelerated resolution
of the pain associated with herpes zoster while retaining acy-
clovir’s established safety profile; it confirms that therapy be-
yond 7 days does not confer additional benefit on herpes zos-
ter-associated pain, and it describes how several pain-related
aspects of herpes zoster affect quality of life and how treatment
affects these.

Pain is the most debilitating feature of herpes zoster. The
majority of patients suffer pain immediately before and during
the acute rash phase (5), but a more important clinical chal-
lenge is the need to prevent or reduce the possibility of per-
sistent pain. In a number of previous studies, acyclovir was
shown to have benefits on chronic herpes zoster-associated
pain; when the results were pooled, there was a reduction of
more than 50% in pain duration in acyclovir recipients com-
pared with that in placebo recipients and a decrease of be-
tween 48 and 86% in the proportion of patients in whom pain
persisted for at least 6 months (7, 15). Analysis of the time to
complete the cessation of herpes zoster-associated pain in the
current study showed an additional benefit of valaciclovir over
acyclovir that, on the basis of hazard ratios, was on average
between 22 and 34%. Valacyclovir also further reduced, from
26 to 19%, the proportion of patients in whom pain persisted
for at least 6 months.

In the present acyclovir-controlled study, persistent pain was
evaluated in several ways, and all evaluations consistently dem-
onstrated a superior benefit of treatment with valaciclovir com-
pared with treatment with acyclovir. The principal study end-
point was time to the complete cessation of herpes zoster-
associated pain, which demonstrated a significant advantage
for both valaciclovir groups by an analysis that incorporates all
data throughout the 6-month study period. Results of the anal-
yses of abnormal sensations, analgesic use, the pain dimension
of the Nottingham Health Profile, and effects on the duration
of pain in the 10% of patients with ophthalmic herpes zoster
were consistent with the results for the primary endpoint, her-
pes zoster-associated pain. The benefit of valaciclovir over that
of acyclovir against pain in the ophthalmic herpes zoster sub-
group was not expected to attain statistical significance because
of small patient numbers.

An additional benefit of valaciclovir compared with acyclovir
was also demonstrated for several analyses of postherpetic
neuralgia. Evaluation of postherpetic neuralgia is complicated
by the lack of a universally accepted definition. By using the
definition of either pain after rash healing or pain lasting for
more than 30 days, treatment with valaciclovir for 7 days
showed a significant advantage over treatment with acyclovir in
reducing the duration of postherpetic neuralgia. Treatment
with valaciclovir compared with treatment with acyclovir also
resulted in a decrease in the proportion of patients with per-
sistent pain at 6 months that was statistically significant for
both the 14-day valaciclovir group and the pooled valaciclovir
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groups. However, measures of pain severity and quality of life
did not detect treatment-related differences.

With the exception of advancing age, no other clinical prog-
nostic features had previously been proven to influence pain
outcome following herpes zoster, although some have been
suspected. Prodromal pain is thought to result from virus-
mediated nerve damage, which has also been implicated in the
pathophysiological mechanisms of the development of pos-
therpetic neuralgia (17). Severe pain at presentation and dur-
ing the acute rash phase has also been suggested as predispos-
ing the patient to the development of prolonged pain (22, 27).
With the availability of a large database (1,138 patients), these
two features, in addition to age, were shown in the present
study to predispose patients to more prolonged pain. In con-
trast, treatment beginning within 48 to 72 h of rash onset
appeared to confer the same benefit as treatment beginning
within 48 h.

When the present study began, the optimal treatment dura-
tion for maximum clinical benefit against pain was unclear.
Some of the placebo-controlled trials of oral acyclovir for the
treatment of herpes zoster evaluated 7-day treatment courses,
while others examined 10-day treatment courses (11, 14, 18,
28). A controlled trial of acyclovir given for 7 or 21 days was
reported recently (27) and demonstrated no significant advan-
tage of 21 days of therapy over 7 days of therapy on the
duration of herpes zoster-associated pain. The results for the
14-day valaciclovir group in the current study confirm the ob-
servation that no additional benefit is achieved with antiviral
treatment for longer than 7 days.

Whether it is administered for 7 or 14 days, valaciclovir had
the same safety profile as acyclovir. Previous placebo-con-
trolled trials of oral acyclovir in immunocompetent adults with
herpes zoster have shown that adverse events occurred in sim-
ilar proportions of patients receiving acyclovir and placebo,
suggesting that such events are typical features of the disease
rather than a result of therapy with acyclovir (14, 18, 28). The
results of the present study further support this concept. Safety
monitoring, particularly for renal function, was rigorous be-
cause acyclovir is excreted principally via the kidney. There
were no clinically important changes in serum creatinine values
during the 7- or 14-day treatment period, even though renal
function at presentation, as estimated from creatinine clear-
ance, spanned the range from <20 to >150 ml/min, as may be
expected for a typical patient population with herpes zoster.
Although the daily area under the plasma concentration-time
curve after oral valaciclovir administration was comparable to
that after intravenous acyclovir administration, peak plasma
acyclovir concentrations were markedly lower after valaciclovir
administration (5.73 pg/ml [25.2 pM] versus 20.7 wg/ml [91.9
pM]) (24), and renal toxicity was therefore not expected.

The present study with a large patient population has dem-
onstrated that valaciclovir offers significant advantages over
acyclovir for the treatment of herpes zoster in older adults.
Treatment with valaciclovir in a convenient three-times-daily
regimen accelerated the resolution of herpes zoster-associated
pain and postherpetic neuralgia, reduced the proportion of
patients with pain persisting for at least 6 months, and retained
the safety profile of acyclovir.

APPENDIX

Principal investigators and study centers are as follows: S. Targov-
nick, Hill Top Research, Scottsdale, Ariz.; C. Huff, University of Col-
orado, Denver; R. Gilgor, Private Practice, Chapel Hill, N.C.; T. Kurtz,
Tower Medical Clinic, Des Moines, Iowa; H. Balfour, University of
Minnesota, Minneapolis; H. Feder, University of Connecticut Health
Center, Farmington; C. Milam, Sarasota Memorial Hospital, Sarasota,
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Fla.; D. L. Stevens, Veterans Affairs Medical Center, Boise, Idaho;
J. R. Taylor, University of Miami School of Medicine, Miami, Fla.; N.
Lowe, Skin Research of California, Santa Monica; K. Beutner, Solano
Dermatology Associates, Vallejo, Calif.; L. Edwards, Carolina Medical
Center, Charlotte, N.C.; C. Forszpaniak, Naples Community Hospital,
Naples, Fla.; M. Tharp, University of Pittsburgh, Pittsburgh, Pa.; A.
Gaspari, University of Rochester Medical Center, Rochester, N.Y.; B.
Elewski, Bolwell Health Center, Cleveland, Ohio; D. Whiting, Dallas
Associated Dermatologists, Dallas, Tex.; S. Baron, University of Texas
Medical Branch, Galveston; S. Pincus, State University of New York,
Buffalo; C. J. McDonald, Roger Williams Medical Center, Providence,
R.I.; A. Martin, Washington University, St. Louis, Mo.; J. Hanifin,
Oregon Health Sciences University, Portland; L. Drake, Massachusetts
General Hospital, Boston; S. Shafran, University of Alberta Hospitals,
Edmonton, Alberta, Canada; W. A. McLeod, St. Paul’s Hospital, Van-
couver, British Columbia, Canada; J. Portnoy, Jewish General Hospi-
tal, Montreal, Quebec, Canada; M. A. Blattner, The Greeley Medical
Clinic PC, Greeley, Colo.; R. M. Gulley, Associates of Internal Med-
icine, Physicians of Central Illinois, Peoria; K. Jacobson, Private Prac-
tice, Eugene, Oreg.; D. Puchalsky, Jackson Foundation/Physicians
Plus, Madison, Wis.; S. Shah, MacGregor Medical Association, Hous-
ton, Tex.; M. Brandon, Alleray Medical Group, San Diego, Calif.; F.
Bures, Winona Clinic, Ltd., Winona, Minn.; C. Clanton, Scott and
White Clinic, Temple, Tex.; S. Clark, Longmont Clinic, Longmont,
Colo.; C. Cohen, St. Joseph Mercy Hospital, Pontiac, Mich.; H. Col-
lins, Edison Medical Group, Edison, N.J.; L. Fahrner, Christie Clinic
Associates, Champaign, Ill.; J. Fairfield, Lansdale Medical Group,
Lansdale, Pa.; S. Cohen, Clinical Research Consultants, Trumball,
Conn.; M. Goldman, Dermatology Associates, Encinitas, Calif.; A.
Harves, Medical Associates Clinic, Dubuque, Iowa; M. Henry, Rhine-
lander Medical Center, Rhinelander, Wis.; T. Lechmaier, Dean Foun-
dation, Madison, Wis.; G. McCormick, Private Practice, Palo Alto,
Calif.; H. C. Miller, Doctors Medical Clinic, Hamilton, Ohio; J.
Nielsen, North Coastal Clinic Research, Sandusky, Ohio; A. Orthm-
eyer, Sunnyvale Medical Clinic, Inc., Sunnyvale, Calif.; J. Rick, Vir-
ginia Medical Center, Long Beach, Calif.; G. A. Gelderman, Magan
Medical Clinic, Inc., Covina, Calif.; G. Silverman, Private Practice,
Vero Beach, Fla.; D. Silvers, Mahorner Clinic, Kenner, La.; D. Stryker,
New Mexico Medical Group, Albuquerque; E. Tschen, Private Prac-
tice, Albuquerque, N.M.; R. Tucker, Wenatchee Valley Clinic,
Wenatchee, Wash.; M. Vranian, McGuire Clinic, Inc., Richmond, Va.;
M. Unger, Medical Associates Health Center, Menomonee Falls, Wis.;
A. Snell, Heartland Research Center, Inc., South Bend, Ind.; R. Snow,
Sorra NC Research Center, Birmingham, Ala.; S. Sulkowski, Sharp
Rees-Stealy Medical Group, San Diego, Calif.; B. Tucker, Simon-
Williamson Clinic, Birmingham, Ala.; W. C. Anderson III, Private
Practice, New Braunfels, Tex.; R. B. Gainer, Morgantown Internal
Medicine Group, Inc., Morgantown, W.V.; J. Lalonde, Triad Medical
Research, Inc., Greensboro, N.C.; D. Matske, St. Vincent’s Medical
Center, Toledo, Ohio; J. Soltz-Szo6ts, Hospital Rudolfsstiftung, Vi-
enna, Austria; F. Roelandts, Psychogeriatrisch Centrum, Brussels, Bel-
gium; J. Sondergaard, Dermatovenerologisk afd.a, Copenhagen, Den-
mark; G. L. Vejlsgaard, Dermatologisk Afdeling h, Copenhagen,
Denmark; J. Roed-Petersen, Dermatologisk afd.K, Hellerup, Den-
mark; S. Kroon, Dermato-venerologisk afd.1, Odense, Denmark; P.
Andersen, Medicinsk-epidemisk afd., Arhus, Denmark; P. Voiriot,
Vandoeuvre les Nancy, France; D. Peyramond, Hopital de la Croix
Rousse, Lyon, France; H. Portier, Hopital de Bocage, Dijon, France;
M. Micoud, Chu de Grenoble, Grenoble, France; B. Przybilla and M.
Landthaler, Dermatologische Klinik und Poliklinik der Ludwig-Maxi-
millians-Universitdt, Munich, Germany; G. Gross, Universitats-Hau-
tklinik und Poliklinik, Hamburg, Germany; W. van den Bosch, CN
Lent, Holland; J. Mascaro, Hospital Clinico y Provincial, Barcelona,
Spain; L. Iglesias Diez, Hospital Universitario, Madrid, Spain; L.
Flamholc, Malm6 General Hospital, Malmo, Sweden; R. Johnson,
Bristol Royal Infirmary, Bristol, United Kingdom; B. Mandal, Monsall
Hospital, Manchester, United Kingdom; M. McKendrick, Lodge Moor
Hospital, Sheffield, United Kingdom; M. Wood, East Birmingham
Hospital, Birmingham, United Kingdom; P. Veyssier, Hopital Gen-
eral, Compiegne, France; C. Carbon, Centre Hospitalier Bichat, Paris,
France; A. Garcia Diez, Hospital de la Princesa, Madrid, Spain; J.
Peyri Rey, Hospital Principes de Espafia, Barcelona, Spain; B.
Czarnetzki, Universitatsklinikum, Rudolf Virchow, Berlin, Germany;
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U.-F. Haustein, Hautklinik der Universitat Leipzig, Leipzig, Germany;
J. Friki, Kuopio University Hospital, Kuopio, Finland; S. Marghescu,
Hautklinik Linden der Medizinischen Hochschule und der Lande-
shaupstadt Hannover, Hannover, Germany; M. Harms, Hopital Can-
tonal, Universitaire de Geneve, Geneva, Switzerland; J. J. Vilata
Corell, Hospital General de Valencia, Valencia, Spain; A. Castells
Rodellas, Hospital Vall d’'Hebron, Barcelona, Spain; A. Eichmann,
Stadtische Poliklinik fiir Haut-und Geschlechtskrankeiten, Zurich,
Switzerland; R. Charles, Nisus Research, Inc., at the Burns Clinic,
Petosky, Mich.; J. Kalivas, University of Kansas, Kansas City; J. Kern,
Metropolitan Clinic, Portland, Oreg.; M. Huston, Dreyer Medical
Clinic, Aurora, Ill.; S. Rekant, Delaware Valley Institute, Cherry Hill,
NJ.; D. L. Williams, Atlantic Institute for Clinical Research, Daytona
Beach, Fla.; O. Mikell, Dermatology Associates of the Low Country,
Beaufort, S.C.; G. Gross, Lewis Gales Clinic, Salem, Va.; and A.
Oppenheim, San Rafael Medical Group, San Rafael, Calif.
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